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ABSTRACT
        These project present experimental investigations of input shaping techniques 
for double pendulum type overhead crane (DPTOC) system. An unshaped bang-bang 
input force is used to determine the characteristic parameters of the system for design 
and evaluation of the input shaping control techniques. The positive input shapers 
with the derivative effects respectively are designed based on the properties of the 
system. Experimental of the response DPTOC system to shaped input is presented in 
time and frequency domain. The performance of this project is examined in terms of 
sway angle reduction and time response specification. Finally comparative 
assessment of the proposed techniques is presented.
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ABSTRAK
        Projek ini membentangkan tentang penyelidikan eksperimen teknik 
pembentukan input positif untuk pendulum berganda jenis ‘‘overhead’’ kren 
‘‘DPTOC’’ sistem. Daya input ‘‘bang-bang’’ yang tidak terbentuk digunakan untuk 
menentukan parameter karakteristik dari system, untuk dibina dan dinilai dari 
masukan untuk membentuk teknik kawalan. Pembentukan input positif dengan kesan 
bentukan direka berdasarkan sifat-sifat sistem. Keputusan simulasi tindakbalas 
sistem ‘‘DPTOC’’ terhadap pembentukan input dibentangkan dalam masa dan 
domain frekuensi. Prestasi projek ini diperiksa dari segi pengurangan ayunan sudut 
dan spesifikasi masa tindakbalas. Akhirnya, penilaian perbandingan dari teknik yang 
dicadangkan dibentangkan.
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CHAPTER 1
INTRODUCTION
1.1 Introduction
       Overhead crane is important machinery that has been used at construction or 
industrial site to transfer the material. In order to make work easier, overhead cranes 
have been used to transfer the material that are usually heavy, large and hazardous which 
cannot be handling by worker. In handling the crane, safety is the most important aspect 
to consider while operating crane. It also has a problem when carrying the heavy load, 
the overhead crane tents to be unbalance causing its cart to sway excessively. 
       There are many cases and incident regarding on the crane’s accident. For example, 
in April 1993, the crane becomes unbalanced during two separated incidents at DOE 
sites in United State of America, which is in Hanford Sites and Bryan Mound Site. For
the first accidents happened in 28th April 1993, where a crane becomes unbalanced while 
the boom was being lowered and two day later in 30th April 1993, which crane loading 
the load, the weight of the load caused the crane to tip forward. Relate to this accident, 
effective controller need to be applied into the crane system to meet safety requirement 
and smooth operation.
2       Input shaping is a feed forward control technique for improving the settling time 
and positioning accuracy, while minimizing residual vibrations of computer controlled 
machines. Input shaping is a strategy for a generation of time-optimal shaped commands 
using only a simple model, which consist of the estimate of natural frequency and 
damping ratio so, input shaping is a simple method to reduce the sway of double 
pendulum type overhead crane (DPTOC) system. It offers several clear advantages over 
conventional approaches for trajectory generation [1].
i) Designing an input shaping does not require an analytical model of the 
system; it can be generated from simple, empirical measurements of the 
actual physical system [1].
ii) Input shaping does not affect the stability of the closed loop system in 
any way. It simply modifies the command signal to the system so that all 
moves, regardless of length, are vibration free [1].
      So in this project the positive input shaping algorithm will be used to reduce the 
sway of double pendulum type overhead crane system. The positive input shaping is
implemented by convolving a positive sequence of impulse, an input shaper with a 
desired system command to produce a shaped input. Figure 1.1 and 1.2 show examples 
of overhead cranes using in industry.
Figure 1.1: Double beam overhead crane (EOT crane)
3Figure 1.2: Overhead cranes
         The requirement of precise sway control of overhead crane implies that residual 
sway of the payload should be zero or near zero. As the performance requirements 
imposed by the industry become more severe, the need to understand how to model and 
control the overhead crane becomes an issue of concern. Thus, it becomes necessary to 
anticipate and control such sway in order to obtain robust and fast response of the 
overhead crane.
1.2 Problem statement
        When carrying heavy loads, the overhead crane tends to be unbalance causing its 
cart to sway excessively. This can cause accidents. The accidents which caused by 
cranes have been recorded [1] and this prove that gantry crane can be hazardous. To 
solve this problem, input shaping technique is introduced. 
41.3 Project Objective
The objectives of this project:
i) To develop positive input shaping technique for anti sway control of 
double pendulum type overhead crane system.
ii) To determined the amplitude and time locations of the impulse in order to 
reduce the natural frequencies and damping ratio of the system.
iii) To investigate the effects of the difference derivative order of the positive 
input shaper in terms of level sway reduction and time response 
specifications.
1.4 Project Scopes
The scopes of this project:
i) Modeling of overhead crane.
Modeling is needed to present a real system that will be focused in order 
to do the analysis. Further work involves obtaining the dynamic 
characteristic and to predict the problem that will occur before the control 
of the system is implemented.
ii) Design the positive input shaping controller.
Positive input shaping is developed based on positive zero sway (PZS), 
positive zero sway derivative (PZSD) and positive zero sway derivative-
derivative (PZSDD). Each positive input shaping contains difference 
value of impulse.
iii) Simulation studies using MATLAB software.
For simulation studies, MATLAB 7.6 is used for input shaping design 
before it is used for experimental studies.
iv) Experimental studies using CEMTool and MATLAB 7.6 software.
To carry out this project after simulation studies is done; this software will 
be used to interface the design program with its experimental hardware.
51.5 Thesis Outline
This section will give an outlines of the structure of the thesis. This thesis will 
consist of five chapters including this chapter. The following is an explanation for each 
chapter:
Chapter 2 discusses the previous work that been done around the world about the 
crane, in term of modeling, the crane. Literature that been done will cover, for instance, 
modeling, control algorithm design and others. 
Chapter 3 explains on methodology of this project. In this chapter, each step in 
the work methodology flow chart starting from modelling of the gantry crane was 
explained.
.
      Chapter 4 consists of experimental results and results analysis. Comparison 
between each negative input shaping derivative order was done.
      Lastly, Chapter 5 summarizes the overall conclusion for this thesis and a few 
suggestion and recommendation for future development.
